ABSTRACT: Little is known about the marine life-history phase of the anadromous sea lamprey Petromyzon marinus. The most widely accepted hypothesis suggests a hematophagous feeding phase of 2.5 yr. We captured and tagged (individually numbered T-bar anchor tags) 408 postmetamorphic sea lampreys during the onset of the hematophagous feeding phase in the River Ulla and its estuary (NW Spain). One marked sea lamprey was recaptured during its spawning migration (total length: 895 mm, weight: 1218 g). This individual had been marked 13.5 mo before recapture, and had measured 218 mm and 20 g. Our results suggest that at least a portion of the sea lamprey population can reach adult size in 1 yr of hematophagous feeding. This further suggests a period between completion of metamorphosis and reproduction of 1.5 yr (18 to 20 mo).
INTRODUCTION
The sea lamprey Petromyzon marinus L., 1758 is an anadromous species that, after several years in freshwater habitats as larvae (Beamish & Potter 1975 , Hardisty 1979 , Quintella et al. 2003 , Taverny et al. 2005 , undergoes metamorphosis that allows young postmetamorphic lampreys to migrate to the sea and begin hematophagous feeding (Youson 1980) . In the River Ulla (NW Spain), meta morphosis is completed between October and No vember, and downstream migration occurs between October and May (Silva et al. 2013) . After an unknown time at sea, individuals return to spawning areas in the river to reproduce. Upstream migration in the River Ulla occurs between December and May, and spawning occurs between May and July (Silva et al. 2013) , which is similar to the timing of these events in Portuguese rivers (Quintella et al. 2004 ).
At present, only the freshwater part of the biological cycle of the sea lamprey is partially known and, as is often the case with diadromous fish species, knowledge of biology and distribution during the marine portion of the life cycle is practically nonexistent (OSPAR 2009). The overall picture of the distribution, growth and duration of the marine stage has been inferred from ca. 100 specimens from sporadic and isolated captures (Beamish 1980 , Halliday 1991 . Based on data obtained from these specimens, Beamish (1980) proposed a hemato phagous feeding period of 2 to 2.5 yr, whereas Halliday (1991) suggested the possibility of a reduced feeding period (1.5 yr). Previously, using interspecific compari sons, Hardisty & Potter (1971) proposed that all the large anadromous lamprey species, including sea lamprey, have a hematophagous feeding period of at least 2.5 yr. The duration of the hematophagous feeding stage has been studied extensively in landlocked populations of sea lamprey in the Great Lakes, and the general conclusion is that less than 1 yr of hemato phagous feeding is needed to reach adult size. In these populations, the period between completion of metamorphosis and reproduction is approx. 18 mo, but adults are about half the size of anadromous individuals (Applegate 1950 , Farmer et al. 1977 , Farmer 1980 , Johnson & Anderson 1980 , Bergstedt & Swink 1995 .
Age determination and growth studies are crucial to fisheries management and conservation (Quintella et al. 2003) . In the case of sea lamprey, there are intensive fisheries in Spain, France and Portugal (Beaulaton et al. 2008 , Quintella et al. 2009 , Cobo et al. 2010 . Thus, the lack of information on the duration of the marine life stage makes this work particularly important. In sea lampreys, stato liths (simi lar to bony fish otholiths) can be used to esti mate the age of lampreys in the larval phase (Volk 1986 , Beamish & Medland 1988 , Barker et al. 1997 , Morkert et al. 1998 , Griffiths et al. 2001 , Quintella et al. 2003 , but their use for the estimation of age in the marine phase has been unsuccessful (Taverny et al. 2005) .
In the present study, we captured, measured and tagged numerous postmetamorphic sea lampreys in the River Ulla during downstream migration and residence in the estuary, which constitute the first months of the hematophagous feeding phase (Silva et al. 2013) . This river supports an im portant commercial fishery of the species, which allowed us to obtain the first recapture of a tagged sea lamprey.
MATERIALS AND METHODS
Study area. The study area is located in the River Ulla and its estuary (total length 132 km, 2803 km 2 ), and in the saline estuary Ría de Arousa (230 km 2 ), through which the river drains into the Atlantic Ocean (Galicia, NW Spain).
Individuals were collected at 4 locations, 3 in the estuary (E1, UTM: 29T 528080E 4729817N; E2, UTM: 29T 522247E 4723949N; E3, UTM: 29T 518953E 4716224N) and one in the river (R1, UTM: 29T 543849E 4732719N), approx. 40 km from the mouth (Fig. 1 ). For simplicity, sampling locations in the estuary and ría are considered as one locality, and we will refer to them as belonging to the estuary.
Fieldwork. At Sites R1, E2 and E3 we captured and tagged a total of 408 postmetamorphic lampreys between January and May 2011. Individually numbered T-bar anchor tags (FF-94, Floy Tag) were used.
R1 is a fixed trap located at the village of Ximonde (Caballero et al. 2006) , where 185 postmetamorphic individuals were tagged in April and May 2011. Sampling in the estuary (Sites E2 and E3) was conducted between January and April 2011. At these locations, all postmetamorphic lampreys were captured feeding on the amphidromous golden grey mullet Liza aurata (Risso, 1810) (Fig. 2) , as mullet form large schools near the coast. Five sea lamprey were captured in January, 133 in February, 77 in March and 13 in April 2011. Golden grey mullet were captured using hand, seine and gill nets (see Silva et al. 2013) . Captured mullet presented fresh and pierced wounds, indicating the existence of feeding and not simply attachment. At Site E1, the River Ulla supports a commercial fishery of sea lamprey.
For all captured sea lampreys, total length (TL; ±1 mm) and weight (W; ±1 g) were recorded. Sampling was conducted on a weekly basis except at R1, where sea lampreys were captured daily.
Data analysis. Specific growth rates (G) for the recaptured lamprey were calculated as: G W = Fig. 1 (Ricker 1975 (Ricker , 1979 , where W 1 and W 2 and TL 1 and TL 2 were recorded at the time of tagging and recapture, respectively, and Δt is the time period (d). . This individual was recaptured 4 mo after the start of the upstream migration period in the River Ulla (December to May), and it was not feeding when it was recaptured.
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The size of this lamprey at the time of tagging was close to the size of the postmetamorphic individuals captured during the downstream migration in the River Ulla (Silva et al. 2013 ), most of which were not feeding (Silva et al. 2013) . Assuming the growth rate observed for the recaptured lamprey and the difference in size between this individual and the postmetamorphics captured before the start of feeding, its size at the time of tagging (1 February 2011) would have required a previous feeding period of approx. 1 to 2 mo. Moreover, the spawning migration period in the area began 4 mo prior to recapture. During this migration, and probably 1 to 2 mo earlier, individuals do not feed (Beamish 1980 , Johnson & Anderson 1980 , so this sea lamprey may have been fasting for 1 to 4 mo before recapture. After consideration of this information, we estimated that the hematophagous feeding period for this individual is 10.5 to 14.5 mo. Indeed, during this migration lampreys decrease, both in W and TL, by roughly 5.7% (Beamish 1980) , suggesting that this individual may have reached a larger size during that short time and that the growth rate is probably underestimated.
Given that the metamorphosis in this region ends in October−November, while spawning occurs between May and July (Silva et al. 2013) , our results suggest a period between completion of metamorphosis and reproduction of 18 to 20 mo.
Our data suggest that the duration of hematophagous feeding is shorter than hypothesized by Hardisty & Potter (1971) and Beamish (1980) , although in both cases, the authors indicated that 23 to 28 mo of feeding was weakly supported by their data. Hardisty & Potter (1971) used comparisons among lamprey species to propose that all the large anadromous lamprey species, which in clude sea lamprey (excepting the Great Lakes), may have a hematophagous feeding period of at least 2.5 yr. Beamish (1980) used scattered information of a few individuals captured in the ocean, and re ferred also to the work of Farmer et al. (1977) , who studied growth of landlocked lampreys of the Great Lakes in the laboratory, which exhibited lower growth rates and sizes than anadromous lampreys (Applegate 1950, Johnson & Anderson 1980) . Halliday (1991) discussed the previous hypo thesis using sea captures off the coast of Canada, and suggested a shorter feeding period of ~1.5 yr. Halliday noted that acceptance of this hypothesis of 1.5 yr of hematophagous feeding requires that individuals captured in early summer, which range in TL from 12 to 65 cm, be considered as from the same cohort. Size variation within a cohort can be explained by individual differences in the onset of feeding. Some young postmetamorphics mi grate downstream in late autumn and begin feeding on fish, while others stay in the river and overwinter without feeding, and migrate to the estuary to begin feeding the following spring (Beamish & Potter 1975 , Potter & Beamish 1977 . Similarly, in the River Ulla, postmetamorphic individuals migrate to the es tuary anywhere from 0 to 6−7 mo after metamorphosis, and most begin hematophagous feeding when they reach the estuary (Silva et al. 2013 ). This observation, together with the absence of postmetamorphic individuals in the river during the summer months (Cobo et al. 2010) , and the limited time period during which it is possible to observe postmetamorphics in the River Ulla estuary (November−May), support the hypothesis that these individuals belong to the same cohort.
Mark-recapture studies of other anadromous populations throughout the geographic range might help to clarify this question. 
